The purpose of this work is to review the literature on oxidation of uranium metal in water and oxygen free water vapor and to develop equations for reaction rate constant using the available data. The data and equations are compared to the equations in the Project Technical Oatabook (Reilly 1998).
The Technical Oatabook equations provide input parameters for calculation of the chemical reaction of K 8asin fuel in Multi-Canister Overpacks (MCOS). These equations are from the literature and were developed from the data of a few investigators (Cooper 1997). When reaction rate data for K 8asin fuel becomes available they will be compared to the Technical Databook equations and to the literature review data. If sufficient differences are seen revised equations will be developed for the Technical Databook as was done for the dry air oxidation equations (Trimble 1998).
SUMMARY
The reaction rate constant is defined in the following general equation. The following equations were derived from literature data and define the react~on rate constant (k) for unirradiated uranium where k is weight gain in mg/cm -h, T is temperature in degrees Kelvin (K) and P is water vapor pressure in kPa. Since the data was for unirradiated material containing little or no hydride, in contrast to the irradiated K 8asin fuel that contains substantial hydride, the equations may not represent oxidation of K Basin fuel. W is weight gain per unit surface area, t is time, and k is the rate constant.
IN OXYGEN FREE WATER VAPOR
It is assumed that the initial oxidation of clean, unoxidized uranium surfaces exposed to water and oxygen free inert gas occurs in a 1inear manner. Linear oxidation is also assumed for oxidized surfaces that have developed from exposure to the oxidizing atmosphere as well as from long term water storage. Oxidation at al1 stages will therefore be 1inear and progress according to Equation (3.1), and the rate constant at a given temperature and vapor pressure will be the same for unoxidized as well as oxidized surfaces. 
SOURCES OF INFORMATION

REACTION RATES
The issue is the number of corrosion events that occur in a given time at a given temperature. This is the product of the reactive fuel surface area and the corresponding rate constant. In actual practice it may not be necessary to know each of these two parameters if measurements of reaction products such as hydrogen are conducted. However, for modeling calculations specific values for each of these parameters are necessary. The Project Technical Databook (ReillY 1998) provides fuel surface area values and reaction rate equations for applicable environments for use in design and safety evaluations. The reaction rate equations presented here are consistent with the terms defined and used in the Databook.
DEFINITION OF TERMS
The primary interest in estimating oxidation rates of K Basin fuel in an MCO originates with the need to define the rate of potential chemical reactions. These reactions are exothermic and can result in the net production of gaseous products. Therefore, the reaction rates become important factors for predicting thermal transients in an MCO and the potential for over pressurization. Reaction rate data are typically generated in the laboratory under controlled conditions and, for solid/gas or solid/liquid reactions, reported as a function of reactant concentration, temperature, and surface area. Placing the reaction rate data on a unit surface area basis allows use of the laboratory data for a variety of different configurations that may be encountered in practice. Specimens used to obtain laboratory data have some undefined degree of surface roughness which is ignored in this document. Laboratory observations typically focus on determining the reaction rate dependence on temperature and reactant concentration. Above 800 'C rates that decrease with time have been usually observed during initial testing (Pearce 1989). The linear rates that are reported and used in this work were either final rates after about one to two hours of exposur the average rates at the end of the test assuming linear kinetics.
OXIDATION OF URANIUM
WATER VAPOR OATA AND ANALYSIS
The data base for oxidation in oxygen free water vapor is a CO1 linear rate data for unirradiated uranium from a number of authors. data are tabulated in Appendix A. Multiple 1inear regression analyses were performed for the data in each of the three temperature regions. Inverse temperature (K-') and log (pressure, kPa) were the independent variables and log(rate, mg/cm2-h) was the dependent variable in the analyses of the temperature-pressure model log (k) = a + b/T + n * log (P)
Vapor Pressure
The results of these regressions are given in Table 1 .
The regression results for the data at T < 300 'C gave a pressure dependence coefficient of 0.469 t 0.046 which is in good agreement with the literature value of 0.5. The pressure in this temperature range varied from less than 0.01 kPa to 101 kPa plus one datum at 1377 kPa. When the regression was performed excluding the 1377 kPa datum, the results were essentially unchanged.
Pressure dependence was also evaluated at constant temperatures of 40 "C, 70 'C, 100 "C and 150 "C. A plot of these data and the 1inear regressions of log k versus log P are shown on Figure 2a . The pressure dependency coefficient, n, ranged from 0.44 to 0.81. The 0.81 value was from the data set (40 'C) having the least pressure range (1.2 kPa to 7.3 kPa) and having the lowest correlation coefficient (R2). The regression statistics on the 40 "C data allow for a possible value of n = 0.5.
The data in the temperature range 300 'C to 600 'C includes vapor pressures at primarily 101 kPa pressure with a few points in the range of 1377 kPa to 13770 kPa. Regression analysis gave a coefficient of 1.00 for pressure dependence and a smal1, positive and not highly significant coefficient for reciprocal temperature (l/T) dependence. When no temperature dependence (b = O) was assumed regression analysis again yielded a pressure dependency coefficient of 1.00 (0.997 t 0.13) with an R2 of 0.79 (Figure 2b) . The line for n = 0.5, also on Figure 2b , falls well below the high pressure data but approaches the datum for P < 100 kPa. Insufficient data was available to determine pressure dependence at pressure less than 101 kPa. An assumption of n = 0.5 at P < 101 kPa provides higher rate values than n = 1 and would, therefore, be conservative and is consistent with the lower temperature results.
At temperature greater than 600 'C the data includes two pressures: 101 kPa and 344 kPa. Regression analysis of these data indicates a negative pressure dependence with no statistical significance. The 344 kPa data (Lemmon 1957) were obtained from hydrogen evolution data and were converted to weight gain data assuming stoichiometric generation of hydrogen. Thus, there may be some uncertainty regarding these data. The 1iterature gives no guidance here, so the foilowing conservative assumptions were used to be consistent with the other temperature ranges: at P s 101 kPa, n = 0.5, and at P > 101 kPa, n = 1.0. 
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Water storage of exposed metallic fuel corrodes the uranium and can create uranium hydride particulate in the fuel matrix at and near the exposed surfaces. Such inclusions have been observed in K Basin fuel (Marschman, Pyecha, and Abrefah 1997). It has been proposed that these hydrides contributed to the measured increase in dry air reaction rate of the K Basin fuel compared to the 1iterature data for unirradiated uranium (Abrefah et al. 1998).
Only one known data point exists for uranium hydride in water or water vapor, and it indicates that the rate of oxidation is less than for uranium metal (Baker et al . 1966 ). This however, is inadequate for making conclusions on the effect of hydride particulate on the reaction rate of K Basin fuel . Measurements are planned for K Basin fuel in oxygen free water vapor. When these data become available the Technical Oatabook (ReillY 1998) rate 1aw equations and/or enhancement factors will be reevaluated.
WATER IMMERSION DATA AND ANALYSIS
Oxidation rate data for uranium in deaerated water at temperature up to 300 'C was found in several 1iterature sources. They are 1istealin Appendix A and plotted on Figure 5a (Figure 5a ) by rate data for air saturated water. Hydrogen saturated water data indicate no effect relative to oxygen free water and were used with gas free, helium saturated, and nitrogen saturated water data to derive Equation (5.11). Table A2 contains the data for oxidation of uranium in liquid water. 
Water vapor data at saturation pressures and the 1ines for
